Several cases are cited from the literature of misinterpretation of taxonomic relationships, where distantly related species of Quercus exhibit parallelism in leaf form. This paper presents a number of other examples in which species belonging to different subgenera are remarkably similar in gross leaf morphology. In each such example, the two species occur in very similar habitats, and actually co-exist in some areas. It is assumed that their similarities are adaptive, and in two of the more extreme examples speculations are advanced as to what the adaptive significance may be.
INTRODUCTION
The concepts of convergent and parallel evolution are well-known to students of evolutionary biology. Although not clearly differentiated by some authors, zoologists as a group tend to draw a marked distinction between them (e.g., Romer, I958; Simpson, 1961; Mayr, 1963 ; Hennig, 1966; Blackwelder, I967). Simpson (op. cit.) distinguishes between the two concepts in this way: "Convergence, strictly defined, involves adaptation to ecologically similar situations by two groups of distinct ancestries, at least one of which did not have the adaptation common to the convergent descendants;" whereas "parallelism is the development of similar characters separately in two or more lineages of common ancestry and on the basis of, or channeled by, characteristics of that ancestry." On the other hand, botanists (and others) often use the terms interchangeably, or use the term parallel evolution in an inclusive sense (Benson, I957; Hutchinson, 1964; Cronquist, 1968) .
Theoretically, parallel evolution as defined by Simpson results from similar mutations in homologous genes in related species (cf. Maslin, I952).
There is no doubt of the existence of homologous genes in related species, both in plants (e.g., Gossypium: Harland, I935; Stephens, 1951;  and Clarkia: Vasek, 1966 ) and animals (e.g., Drosophila: Sturtevant, 1929) . Indeed, Dobzhansky (I958) expresses the opinion that different species, genera, and even different orders may still have some homologous genes descended from those which were carried in their common ancestors. Thus, Green (I955) points out that similar eye color mutants are known in the honeybee, Apis mellifera. in Drosophila melanogaster, and in the Mediterranean flour moth Ephestia kuhniella (representing the orders Hymenoptera, Diptera, and Lepidoptera respectively). From experimental evidence on the biosynthesis of insectorubin, a universal eye pigment in insects, these mutants very probably are mutations of homologous genes derived unaltered from a common ancestor.
One can only agree with Davis and Heywood (I963) that it is quite possible to define the terms, parallelism and convergence, but less easy to distinguish them in practice. Ehrlich and Holm (I963) remark that "there is a continuum between convergence in the strict sense and parallelism, and the difference between the two is unimportant". Be that as it may, in actual cases it is obviously hazardous to draw inferences as to which similarities shown by two species represent parallelisms, and which represent convergence, if experimental evidence is lacking.
As all the species in the examples considered in this paper are members of a single genus (although each case involves members of two different subgenera) and therefore undoubtedly of common ancestry, the term parallelism seems more appropriate. However, I can visualize no practical way of determining whether or not the similarities in leaf form to be discussed have resulted from similar mutations in homologous genes. Suffice it to say that in various types of habitat in which two or more oak species occur, it is not uncommon for taxonomically very distantly related species to have similarities in leaf form. Particularly in the more extreme habitats, such similarities -which are doubtless adaptive -can be remarkably close, as will be evident from the examples to be presented. It is the purpose of this paper to single out a few such well-marked examples, and thereby emphasize that gross similarity in leaf form does not necessarily indicate close taxonomic affinity. As Richards (I952, p. 154) has observed, the physiognomy of the foliage of vegetation appears to be a more highly sensitive index of environmental conditions than do the taxonomic affinities of the species involved.
Instances of misinterpretation of relationships in such cases of parallelism have not been confined to amateurs only casually interested in the oaks. Professional botanists, as well, have stumbled on occasion. Thus, smallleaved forms of Quercus wislizenii (a black oak: Subgenus Erythrobalanus) are sometimes superficially similar to Q. dumosa (a white oak: Subgenus Lepidobalanus), with which it may co-exist in chaparral areas in California. Trelease, in his monograph of the North American oaks, unwittingly named a form of Q. wislizenii as Q. dumosa forma populifolia (9I24, p. 117; see P1. 204b). Rydberg at times confused specimens of Q. turbinella with the subgenerically distinct Q. dunnii (see Tucker and Haskell, I960). Clements (I936), in a wide-ranging discussion of phylads that extend across the U.S., included the south-western black oak, Q. emoryi, in the Q. virginiana phylad. Quercus virginiana and its close relatives are white oaks. Quercus emoryi is thus subgenerically distinct from the Q. virginiana group, although sometimes fairly similar in leaf form to Q. fusiformis (Q. virginiana var.
fusiformis) (fig. i).
The pitfalls are obvious in a discipline such as paleobotany, where the worker often has only leaf impressions on which to base opinions. Due to the fact that fossil material is often fragmentary or poorly preserved, misinterpretations of relationships are sometimes difficult to avoid, and are commonplace in pioneering studies. However, with ever-increasing concentration on fine details, and attempts to systematize morphological concepts and terminology (cf. Hickey, I973), such instances, hopefully, may become less frequent in future studies. In the oaks, several examples may be noted in the remarkable studies of the Austrian paleobotanist, von Ettingshausen, who was particularly interested in venation patterns in fossil oak leaves in comparison with those of modern species. One study (von Ettings- In some of the examples presented below, parallelism in other characters, e.g., growth habit and branching pattern, are correlated with the parallelism in leaf form. This is scarcely surprising since it is the whole organism, of course, that is adapted to a particular environment. Thus, in several regions of the earth which have a Mediterranean type climate, a dominant life form is the sclerophyllous, small-leaved, evergreen, deep-rooted shrub. And in the "chaparral" of California, the "matorral" of Chile, the "maqui" of the Mediterranean region, etc., shrubs of widely diverse taxonomic affinities show striking similarities in growth form, branching pattern, and general foliar morphology -as well as in physiological adaptations (Mooney and Dunn, I970). However, it is the purpose of this paper to focus attention on parallelism in leaf form, particularly as it poses a problem in interpreting taxonomic relationships in fossil forms, and to emphasize the importance of studying minute details of less obvious adaptive significance for indications of taxonomic relationship. 
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noted that no authenticated case of natural hybridization is known between different subgenera, whereas within subgenera, interspecific hybridization is commonplace.
1. Quercus kelloggii Newb. and Q. garryana Dougl. (Fig. 2-4) . Quercus kelloggii is a black oak; Q. garryana is a white oak. This pair of species is included because the leaves have some general similarities that are most likely adaptive in a complex of common environmental conditions. At the same time, they have some obvious differences. Thus they may not represent as close a case of parallelism as do some of the following examples.
Typically, both species are moderate-sized trees, although they both have shrubby phases at higher elevations. Their leaves are deciduous, lustrous green above, broadly elliptic to obovate in outline, moderately to deeply lobed, and moderate in size (Fig. 2) . They are readily distinguished, however, by one conspicuous character: in Q. kelloggii (as in virtually all lobed-leaved black oaks) the lobes are bristle-tipped, whereas in Q. garryana (as in nearly all lobed-leaved white oaks) the lobes are rounded or obtusely pointed, but not aristate (Fig. 4) .
Both 2. Quercus skinneri Benth. and Q. corrugata Hook. (Fig. 5-7) . Quercus skinneri is a black oak and Q. corrugata a white oak. In many respects their leaves are quite similar (Fig. 5, 6 ). In both species, the leaf blade is lanceolate to oblanceolate, ca. 8-15 cm long x ca. 3-6 cm wide, and somewhat lustrous and glabrous on both surfaces (or in Q. skinneri, with inconspicuous tufts of pubescence in the axils of the 
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veins and along the midrib). The petioles are ca. 1.5-4 cm long. The apex is acute to acuminate, the base cuneate to rounded, and the margin commonly coarsely toothed. The prominent, regular, secondary veins are commonly 10-15 on a side, and pass directly out to the marginal teeth with no major branching. As in the preceding example, however, the aristate marginal teeth of Q. skinneri distinguish it from Q. corrugata which has mucronate teeth which lack bristles (Fig. 7) .
Quercus skinneri and Q. corrugata overlap over a broad area from Chiapas in southern Mexico, to El Salvador and Honduras in Central America. Adapted to montane rain forest conditions, they occur sympatrically in some areas, and are the most commonly encountered species in the tall evergreen forest (selva alta siempre verde) in northern Chiapas (Miranda, 1952 , p. 45).
3. Quercus costaricensis Liebm. and Q. copeyensis Muller (Fig. 8-15) . Quercus costaricensis is a black oak and Q. copeyensis is a white oak. Their leaves are very similar in general aspect (Fig. 8, 9 ), but these similarities are only in rather gross features: the size and general form of the leaves, short petiole length (relative to length of the lamina), thick texture, and number and general configuration of the secondary veins. They can be readily distinguished, however, by several differences; these are summarized as follows: Of these differences, No. 1 is a gross character readily apparent to the unaided eye, and generally quite reliably diagnostic. However, given appropriate magnification for the others, this combination of differences will readily distinguish Q. costaricensis from Q. copeyensis. Both species have very limited distributions. Quercus costaricensis is restricted to the mountains of central Costa Rica; Q. copeyensis occurs there, also, as well as in upper Panama. Both are medium-sized to large trees, Q. copeyensis attaining immense size in central Costa Rica (Muller, 1960) . They occur in montane, or lower montane rain forest (Sawyer and Lindsey, 1971) , occupying an altitudinal zone from ca. 6,500 feet to 11,000 feet or higher. They both have medium-sized to small, evergreen (Q. costaricensis) or tardily deciduous (Q. copeyensis), thick, leathery leaves. Leaves of this type are apparently common in other tree species of these life zones (cf. Sawyer and Lindsey, 1971). 4. Quercus crassipes Humb. and Bonpl. and Q. transmontana Trel. (Fig. 16-18) . Quercus crassipes is a black oak and Q. transmontana is a white oak. Their leaves are quite similar in general form, size, shape of base and apex, and gross aspect of the venation pattern (Fig. 16, 17) .
Despite their general similarity, however, the leaves of these species can be readily differentiated. In Q. crassipes, the secondary veins diverge from the midrib at a higher angle on the average (ca. 60-800) than in Q. transmontana (ca. 600 or less) (Fig. 18) . Although the general shape of the apex is similar in both species, in Q. crassipes it is often terminated by a short bristle, whereas in Q. transmontana the apex may be mucronate, but there is never an actual bristle (Fig. 18) . In Q. crassipes the lower surface of the leaf bears a dense, yellow-brown, readily-detachable tomentum, and the surface is minutely bullate beneath the tomentum. In Q. transmonta-I36 TAXON VOLUME 23 Fig. 8-9. -Fig. 8. Quercus costaricensis. -Fig. 9 . Q. copeyensis. na, by contrast, the lower surface is only moderately to lightly pale tomentose, or sometimes more or less glabrate, and flat -not bullate -beneath the tomentum.
Both of these species are shrubs or small trees of the central Mexican tableland. Quercus crassipes occurs from Puebla, Tlaxcala, and Hidalgo westward, overlapping the more westerly Q. transmontana in Michoacan and Guanajuato. According (Fig. 12, 13) , and character of epidermal surface (Fig. I4, i5 ). -Fig. 12, 14 . Quercus costaricensis. -Fig. 13, 15 to C. H. Muller (personal communication), they co-exist in some areas, being common and evidently well-adapted in the dryer pine-oak forest of this region, for even in areas where the forest has been devastated by man, occasional trees of these oaks are still to be found, whereas other genera have not persisted.
5. Quercus myrtifolia Willd. and Q. chapmani Sarg. (Fig. 19-21 ). Quercus myrtifolia is a black oak; Q. chapmani is a white oak. They are very similar in general appearance -in their typically low, shrubby growth habit, in their small, glossy, dark green leaves (Fig. 19, 20) , and in their ecology. Indeed, they frequently occur together over much of their common range.
Although the leaves of Q. myrtifolia tend to be slightly smaller and relatively broader than those of Q. chapmani, they are often quite similar in texture (moderately thick and coriaceous), shape (obovate to oval, or oblong), appearance of the upper surface (dark green, shining, and glabrous), and in apex, base, and length of petiole (Fig. 21) .
Despite their similarity, they can ordinarily be distinguished quite readily. In leaves of comparable size, the number of secondary veins in Q. myrtifolia (3-5 on each side of the midvein) is lower than that in Q. chapmani (5-8 on each side). Also, the apex in Q. myrtifolia is often apiculate, whereas in Q. chapmani it is not (Fig.  21) . In Q. myrtifolia (as in many other black oaks) the lower surface usually has tufts of stellate pubescence in the axils of the veins. In Q. chapmani these are FEBRUARY 1974 139 Fig. I6-I7. -Fig. i6. Quercus crassipes. -Fig. 17 . Q. transmontana.
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TAXON VOLUME 23 lacking, although the lower surface may be very sparsely pubescent along the midrib. In the latter species, the dull appearance of the lower surface, also contrasts with the usually more or less glossy lower surface of Q. myrtifolia.
Both occur -often commingled -on sandy barrens in the immediate vicinity of the seashore, from South Carolina to Florida, and in western Florida, where Q. chapmani is especially abundant (with Quercus myrtifolia extending westward along the Gulf Coast into Louisiana). In this rather extreme habitat, tolerance to salt spray is probably the most important characteristic determining the composition of the vegetation (see Boyce, 1954 , for a general review of the "salt spray community"). The adaptive significance of the leaf characters of these oaks is not clear, but certain features, such as the leathery texture and glossy upper surface, may be effective in decreasing the desiccating effect of high temperatures and frequent wind. In any event, relatively small, leathery, evergreen leaves with glossy green upper surfaces are common features in other shrubby species of this same community, e.g., Persea borbonia, Osmanthus americanus, and Ilex vomitoria. 6. Quercus dunnii Kell. and Q. turbinella Greene (Fig. 22-24) . Quercus dunnii is a member of the intermediate oak group (Subgenus Protobalanus), and Q. turbinella is a white oak. Their similarity is striking -especially in herbarium specimens (Fig.  22, 23 ) -and these species have been confused even by taxonomists, e.g., Rydberg (see Tucker and Haskell, 1960, pp. 197-98) . The leaves of both species are conspicuously xeromorphic -small, sclerophyllous, short-petiolate, and spinose-dentate. They overlap broadly in leaf size, although Q. dunnii has slightly larger leaves on the average. Leaf shape is very similar also, but in Q. dunnii it is often broadly ovate to nearly orbicular in outline, whereas in Q. turbinella it is more consistently oblong-ovate to oval (Fig. 24) .
Despite their similarity, these species may be readily distinguished. In the living state, the upper side of the leaf is dark or olive green in Q. dunnii and gray-green in Q. turbinella, but this difference is not readily apparent in herbarium specimens. The leaf margins are spinose-dentate in both species, but in Q. dunnii the spines are commonly stouter (and perhaps sharper) than in Q. turbinella. This is a rather subtle difference, however, less apparent to the eye in the herbarium, than to the touch in the field! Under a dissecting microscope, the lower side of the leaf in Q. turbinella is seen to be stellate pubescent -often densely so. In Q. dunnii, how-
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ever, the lower leaf surface is entirely devoid of stellate hairs. There are other, more subtle differences, also. In Q. turbinella the lower leaf surface is often slightly yellowish, due to the presence of yellow, uniseriate, glandular hairs. In Q. dunnii the young leaves bear a similar yellowish puberulence, but this is less persistent than in Q. turbinella, and mature leaves of Q. dunnii are commonly pale glaucous and glabrate on the under side.
Quercus 
DISCUSSION
In regard to the fundamental basis of parallelism, it seems evident that a large majority of modern students of evolution take the neo-Darwinian view. Maslin (I952) explains it in the following manner: "There is a high probability that similar genes in related species mutate in a similar fashion and shape the development of similar phenotypes. If, now, two species are exposed to nearly identical environments, it is not illogical to assume that identical mutants will be selected over a period of time, and that this selection will result in an identical pattern of phenotypic modification. If this sequence of changes can take place within two closely related species it could occur in a phyletic series of species much less closely related." Went (I971) has recently proposed a very different and provocative hypothesis to explain the genetic basis of parallel (or convergent?) evolution in very different taxonomic families in certain restricted geographic regions. The essence of his hypothesis is this: Parallel evolution in some feature such as a distinctive leaf type could be due to non-sexual transfer, from family to family, of chromosomal segments containing genes for the development of that specific feature. Went suggests viruses as possible vectors in the transfer of such genetic material between unrelated families; or sexual means I46 TAXON VOLUME 23 -presumably interspecific hybridization -between species within a single genus.
I find very little in this novel hypothesis with which I can agree. However, it is not the purpose of this paper to present a detailed critique; I shall restrict myself to raising a few general questions, and to directing some specific comments at two of the examples of parallelism discussed by Went.
Firstly, a number of the sorts of parallelism Went discusses must surely be controlled by multiple gene systems, e.g., the terete and holly-type leaves in Western Australia. Such characters as the size, shape, and proportions of organs such as leaves are especially likely to be controlled by many genes with cumulative effects. It seems highly improbable that in any given taxon all such genes would be on one segment of one chromosome. Secondly, the hypothesis seems to presuppose that a transferred chromosomal segment would affect only the organ(s) or structure(s) which exhibit the parallelism. Would there be no pleiotropic effects? Thirdly, one must assume that in each example of parallelism considered by Went, precisely the same chromosomal segment -purely by chance -is the one that is transferred from one family, to another, to another, and so on. This is the most difficult part to accept of the entire hypothesis. Now let us consider in more detail two of the examples of parallelism discussed by Went. He feels that the most remarkable example is that of the divaricate shrub in New Zealand. Shrubs of this nature are characterized by Went as "1/2-i m tall shrubs, which are intricately branched with the branches emerging at a 9o? angle with less than normal apical dominance, thus becoming interlaced and sometimes even tortuous, with long internodes and small often orbicular leaves" (p. 198). This branching pattern is common in shrubs of the New Zealand flora, "whereas it is hardly known anywhere else in the world," according to Went (p. 198).
One wonders how constant this complex of characters really is, inasmuch as Went observes that "a closer analysis of the New Zealand divaricate shrubs shows that it is possible to subdivide them into several other groups of shrubs: those having just the divaricate tortuous branching. . . 9); fig. 14, Q. costaricensis (same as fig. 8); fig. I5, Q. copeyensis (same as fig. 9 ). 
